Extracellular Vesicles in NAFLD/ALD:From Pathobiology to Therapy by Hernández, Alejandra et al.
 
 
 University of Groningen
Extracellular Vesicles in NAFLD/ALD
Hernández, Alejandra; Arab, Juan Pablo; Reyes, Daniela; Lapitz, Ainhoa; Moshage, Han;





IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2020
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Hernández, A., Arab, J. P., Reyes, D., Lapitz, A., Moshage, H., Bañales, J. M., & Arrese, M. (2020).
Extracellular Vesicles in NAFLD/ALD: From Pathobiology to Therapy. Cells, 9(4), [817].
https://doi.org/10.3390/cells9040817
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the




Extracellular Vesicles in NAFLD/ALD: From
Pathobiology to Therapy
Alejandra Hernández 1,2, Juan Pablo Arab 1,3 , Daniela Reyes 1, Ainhoa Lapitz 4,
Han Moshage 2 , Jesús M. Bañales 4,5,6 and Marco Arrese 1,3,*
1 Departamento de Gastroenterologia, Escuela de Medicina, Pontificia Universidad Catolica de Chile. Santiago,
Chile 8330077; ale.hernandez.vill@gmail.com (A.H.); jparab@gmail.com (J.P.A.); dbreyes@uc.cl (D.R.)
2 Department of Gastroenterology and Hepatology, University of Groningen, University Medical Center
Groningen, 9713 GZ Groningen, The Netherlands; a.j.moshage@umcg.nl
3 Centro de Envejecimiento y Regeneracion (CARE), Departamento de Biología Celular y Molecular, Facultad
de Ciencias Biológicas Pontificia Universidad Catolica de Chile, Santiago 8331010, Chile
4 Biodonostia Health Research Institute, Donostia University Hospital, 20014 San Sebastian, Spain;
ainhoa.lapitz@biodonostia.org (A.L.); JESUS.BANALES@biodonostia.org (J.M.B.)
5 National Institute for the Study of Liver and Gastrointestinal Diseases (CIBERehd), Carlos III National
Institute of Health, 28029 Madrid, Spain
6 IKERBASQUE, Basque Foundation for Science, 48013 Bilbao, Spain
* Correspondence: marrese@med.puc.cl; Tel.: +56-2-3543822
Received: 28 February 2020; Accepted: 24 March 2020; Published: 27 March 2020


Abstract: In recent years, knowledge on the biology and pathobiology of extracellular vesicles
(EVs) has exploded. EVs are submicron membrane-bound structures secreted from different cell
types containing a wide variety of bioactive molecules (e.g., proteins, lipids, and nucleic acids
(coding and non-coding RNA) and mitochondrial DNA). EVs have important functions in cell-to-cell
communication and are found in a wide variety of tissues and body fluids. Better delineation of
EV structures and advances in the isolation and characterization of their cargo have allowed the
diagnostic and therapeutic implications of these particles to be explored. In the field of liver diseases,
EVs are emerging as key players in the pathogenesis of both nonalcoholic liver disease (NAFLD) and
alcoholic liver disease (ALD), the most prevalent liver diseases worldwide, and their complications,
including development of hepatocellular carcinoma. In these diseases, stressed/damaged hepatocytes
release large quantities of EVs that contribute to the occurrence of inflammation, fibrogenesis, and
angiogenesis, which are key pathobiological processes in liver disease progression. Moreover, the
specific molecular signatures of released EVs in biofluids have allowed EVs to be considered as
promising candidates to serve as disease biomarkers. Additionally, different experimental studies
have shown that EVs may have potential for therapeutic use as a liver-specific delivery method of
different agents, taking advantage of their hepatocellular uptake through interactions with specific
receptors. In this review, we focused on the most recent findings concerning the role of EVs as new
structures mediating autocrine and paracrine intercellular communication in both ALD and NAFLD,
as well as their potential use as biomarkers of disease severity and progression. Emerging therapeutic
applications of EVs in these liver diseases were also examined, along with the potential for successful
transition from bench to clinic.
Keywords: nonalcoholic fatty liver disease; fatty liver; alcoholic liver disease; extracellular vesicles;
signaling; exosomes; biomarkers
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1. Introduction
Knowledge of the pathobiology of extracellular vesicles (EVs) has expanded significantly in the last
decade [1,2]. Indeed, significant advances have been made in delineating the mechanisms of assembly
and release of EVs, as well as their subsequent membrane fusion with target cells [3,4]. Moreover,
powerful analytical techniques have made possible the extensive characterization of the cargo of
EVs, which includes myriad molecules including growth factors, metabolic enzymes, microRNAs
and transcription factors, certain proteins, lipids, and metabolites, among others, that modulate
intercellular and interorgan communication [3,5,6]. It is of note that high-throughput datasets of
vesicular components are now available in public databases, which strongly supports EV research [7,8].
Novel insights into the biology of EVs show that these particles regulate critical biological functions
and may act as contributors to disease pathogenesis, and may also serve as disease biomarkers, with
the virtue of the relative simplicity of EV isolation from different biofluids [9]. In addition, EVs are
gaining interest from a therapeutic point of view due to their potential as a unique drug delivery
system [10].
In the field of hepatology, EVs have recently emerged as novel players in the pathogenesis and
progression of several conditions [11–13], including the two most common liver diseases worldwide:
nonalcoholic liver disease (NAFLD) and alcoholic liver disease (ALD) [14]. Specifically, recent studies
point to a significant role of EVs in modulating injury, amplifying inflammation, and promoting liver
fibrosis in both NAFLD and ALD [15–17]. Since information on this topic is dynamic and rapidly
evolving, we aimed to provide an up-to-date overview of the current knowledge on the role of EVs in
the context of both NAFLD and ALD, with emphasis on their potential diagnostic and therapeutic
impact in these diseases. We excluded from this review data regarding EVs in liver cancer, since this
has been recently reviewed elsewhere [18,19].
2. General Concepts of EVs in the Liver: EVs Biogenesis, Secretion, and Cargo
Details on the formation and secretion pathways of EVs have been recently reviewed
elsewhere [15,20,21], and can also be found in other contributions to this special issue of Cells [22]. Only
basic concepts are provided herein, as well as information on aspects that are of particular importance
for liver physiology and pathophysiology.
In general, EVs are classified according to size and biogenetic pathway, such as exosomes,
microvesicles, and apoptotic bodies [23]. Exosomes are bilayer lipid vesicles with a diameter of
30–150 nm that are derived from endosomal multivesicular bodies (MVBs) [15,23]. Their formation
results from the invagination of the plasma membrane (early endosome) and the subsequent fusion of
endocytic vesicles mediated by the endosomal sorting complex responsible for transport (ESCRTs)
and other components (such as ceramides and tetraspanins) [24]. MVBs can release the intraluminal
vesicles known as exosomes by the fusion of MVBs to the plasma membrane, a process mediated in
part by Rab GTPases [25]. Microvesicles (MVs) have a diameter of 50–1000 nm and originate from
the plasma membrane by budding and fission, followed by release into the extracellular space [15,23].
MVs contain a subset of cell surface proteins depending on the composition of the parental plasma
membrane [26,27]. Apoptotic bodies have a diameter of 100–5000 nm, originate from the budding of
cell membranes, and may contain nuclear material, which is quickly phagocytosed during programmed
cell death [15,28]. Unlike exosomes and MVs, the role of apoptotic bodies is not related to intercellular
communication. Therefore, when studying EVs under cellular damage conditions, apoptotic bodies
are excluded [29].
The impact of EV research is highlighted by the existence of a dedicated scientific society (the
International Society for Extracellular Vesicles, ISEV, https://www.isev.org/) that is constantly updating
existent information on technical issues in order to homogenize the data being generated in different
laboratories. To that end, the ISEV released a document entitled Minimal Information for Studies
of Extracellular Vesicles (“MISEV”) Guidelines, to help researchers to better isolate and characterize
their EV preparations, as well as suggesting protocols to document specific EV-associated functional
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activities [29]. At the present time, MISEV2018 does not propose molecular markers that could
specifically characterize each EV subtype. However, understanding of existing subtypes and their
associations with other cellular structures is an evolving matter and progress is expected in this
regard [22]. Currently, the MISEV2018 guidelines suggest three categories of markers to be analyzed in
all EV preparations: Categories 1 and 2, which demonstrate the presence of EVs, and Category 3, which
assesses their purity from common contaminants. The latter recommends apolipoproteins A1/2 and B
(APOA1/2, APOB), and albumin (ALB) as the best negative markers available at the present time.
All EVs transport a variety of bioactive molecules including cytoplasmic proteins, lipids, specific
lipid-raft-interacting proteins, messenger RNA (mRNA), microRNA (miRNA), ribosomal RNA (rRNA),
transfer RNA (tRNA), noncoding RNAs (ncRNAs), DNA, mitochondrial DNA (mtDNA), and
metabolites [24,30]. Lipidomic analysis has shown that EVs, independently of their biogenesis,
contain a multitude of lipids such as cholesterol, sphingomyelin, ceramide, saturated fatty acids,
phosphatidylcholine, phosphatidylethanolamine, and phosphatidylserine [4,23,29,30]. In addition,
proteomic analysis has shown that EVs contain different types of proteins, such as heat shock proteins
(Hsp70 and Hsp90), tetraspanins (CD9, CD63, CD81, CD82), endosomal sorting complex proteins
required for transport (Alix and Tsg101), receptors including epidermal growth factor receptor (EGFR),
membrane trafficking proteins (GTPases, Flotillin and Annexins), cytoskeletal proteins (tubulin and
actin), and cytosolic proteins [5,26]. It is worth noting that the cargo of EVs varies depending not only
on their cellular origin, but also on the condition under which they are released (i.e., physiological vs.
pathological).
In the liver, both parenchymal (hepatocytes) and non-parenchymal cells (e.g., hepatic stellate
cells, endothelial, cholangiocytes, Kupfer cells, and liver endothelial cells) have been found to release
EVs in both physiological and pathological states [20]. However, information on target cell repertoire,
receptors, or other specific actions is still limited and incomplete. It has been shown that healthy
hepatocytes produce limited numbers of exosomes containing proteins potentially relevant for cell
survival, growth, and proliferation [31], whereas stressed hepatocytes boost exosome release [32] and
enrich their content in specific proteins, lipids, and microRNAs that modulate the transcriptional
program of neighboring hepatocytes and non-parenchymal cells, thus modulating inflammation and
fibrosis, which are critical for the progression of liver diseases (Figure 1). Interestingly, recent evidence
suggests that EVs from fat-laden hepatocytes can also signal to other organs such as adipose tissue,
influencing adipogenesis and tissue remodeling [33].
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Figure 1. Extracellular vesicles (EVs) can be released by hepatocytes upon lipotoxic or alcohol-induced
injury. EV cargoes include a multitude of molecules that can act on target cells, evoking inflammatory
and fibrogenic events and promoting neoplastic transformation, thus contributing to the progression
of both alcoholic liver disease (ALD) and nonalcoholic liver disease (NAFLD) to their inflammatory
and more aggressive forms alcoholic steatohepatitis (ASH) and nonalcoholic steatohepatitis (NASH),
respectively as well as to hepatocellular carcinoma (HCC development. EVs hold promise for both
diagnosis (i.e., as biomarkers of disease severity or for diagnosis of HCC) and therapeutic purposes (i.e.,
therapeutic use of mesenchymal stem cell [MSC]-derived EVs, drug o miRNAs liver targeted therapies
and anti-tumor vaccines).
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3. EVs in Liver Pathobiology to Therapy
3.1. EVs and Liver Inflammation
Hepatocellular damage determines the release of a number of signals into the extracellular
environment that can contribute to tissue inflammation [34]. Some of these signals (collectively termed
damage-associated molecular patterns (DAMPs)) are packaged in EVs and signal between hepatocytes
and non-parenchymal cells such as liver-resident macrophages (Kupffer cells, KCs) [35]. Indeed, EVs
may evoke the synthesis and release of proinflammatory cytokines such as pro-interleukin (IL)-1β
and IL-6 [36] by KCs, thus contributing to local inflammation [37]. EVs released from hepatocytes can
also promote the recruitment of additional immune cells (e.g., proinflammatory monocyte-derived
macrophages) into the liver, maintaining and amplifying inflammation. EVs can also signal to
endothelial cells and can contribute to vascular inflammation [38]. Furthermore, to add complexity,
EVs can also be secreted from other cells and influence liver inflammation. In this regard, some
evidence suggests that platelet-derived EVs may have proinflammatory effects in the liver, but this
needs further confirmation [39,40]. Finally, it has also been shown that EVs are released from monocytic
cells and induce polarization towards the anti-inflammatory M2 phenotype of neighboring naive
monocytes by delivering cargo miR-27a, thus contributing to resolution of inflammation [41]. Other
examples of modulation of immune response have been shown in studies of hepatitis B and C [42,43],
which can participate in exacerbating liver injury when both viral infection and other injuring agents
(i.e., alcohol) are at play.
Collectively, these findings suggest that EVs released from injured hepatocytes have an important
role in modulating the inflammatory response during liver damage through intercellular communication
between different cell types, with potential contributions from other cell-derived EVs [35]. Specific
mechanisms involved in NAFLD and ALD are reviewed below.
3.2. EVs and Liver Fibrosis
Persistent liver fibrogenesis and the development of cirrhosis are responsible for the liver-related
morbidity and mortality associated with chronic liver diseases [44]. Activation or trans-differentiation
of HSCs resulting in insoluble collagen deposition and distortion of the normal macro- and
micro-anatomical structure of the liver is the major driver of liver fibrogenesis [45]. The role of
paracrine signals originating from injured epithelial cells (hepatocytes) that can directly or indirectly
induce HSC activation has been recognized in recent years [46]. In this regard, EVs seem to play a
role, as shown by previous reported studies. Lipid-induced hepatocyte-derived EVs seem to regulate
HSC activation by shuttling specific microRNAs (e.g., miR-128-3p) that suppress PPAR-γ expression in
HSCs, leading to a marked increase of profibrogenic gene expression [47]. Other authors have shown
that internalization of endothelial-derived exosomes by HSCs enhances cell migration in a process
mediated by sphingosine 1-phosphate (S1P) [48]. Additionally, intercellular communication between
quiescent and activated HSCs via exosomes can also modulate fibrosis. In this regard, a role for shuttled
microRNA 214 (miR-214) in regulating the expression of alpha-smooth muscle actin and collagen
in activated HSCs has been demonstrated [49,50]. Moreover, EVs derived from non-resident cells
such as platelets or granulocytes have been shown to increase angiogenesis and to have procoagulant
properties, thus promoting fibrogenesis [51,52]. These findings suggest that EVs appear to be key
modulators in fibrosis, as signals from both parenchymal and non-parenchymal liver cells can either
drive or slow down HSC activation. In addition, circulating EVs may be used as a biomarker of
hepatic fibrosis and have potential implications for the development of novel anti-fibrotic targets [53],
as reviewed in the following sections.
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3.3. EVs as Biomarkers in Liver Diseases
Dynamic changes of EV generation in pathological conditions and the accessibility to measure
and analyze them in biological samples (e.g., blood, urine, bile and other biofluids) make EVs good
candidates to be used as disease biomarkers. The relative accessibility of testing and the ability to
perform repeated measurements over time could facilitate early diagnosis, disease monitoring, and
the development of personalized medicine. Furthermore, refinement of techniques allowing isolation
and in-depth characterization of EV cargoes could lead to identification of disease-specific molecular
signatures or profiles, providing ample opportunities for EVs to be used as suitable, non-invasive
biomarkers [54].
EVs have been studied as potential biomarkers of liver injury in the settings of ALD, NAFLD,
drug-induced liver disease, and cholangiopathies [13,27,55,56], as well as being considered diagnostic
tools for liver cancer (e.g., hepatocellular carcinoma and cholangiocarcinoma) [19,56]. In this
regard, determination of the number of circulating EVs and nucleic-acid based, lipid-based, and
protein-based diagnostics have been applied to measure EVs enriched in liver-derived DNA,
microRNAs, lipids, or proteins [13,27]. However, before implementing EV-based biomarkers in
clinical settings, standardization of sample processing (e.g., collection, transportation, storage, and
handling) and assay systems is needed, as well as large replicative studies to allow EV molecular
signatures to be conclusively linked to specific liver diseases. Recent advances related to NAFLD and
ALD are reviewed below.
3.4. Therapeutic Potential of EVs
From a therapeutic perspective, EVs, either unmodified or engineered, can be utilized for
therapeutic purposes [57]. With regard to liver diseases, efforts have been focused on two major areas:
(a) the use of EVs as delivery vehicles of drugs to the liver [58] and (b) the use of EVs themselves as
therapeutic agents to stimulate liver regeneration, modulate inflammation, reduce liver fibrosis, or
halt hepatocarcinogenesis [59,60]. The former approach involves the use of different techniques to
load EVs with a desired cargo (e.g., miRNA, siRNA, chemotherapeutic agents) to act as a “Trojan
horse” to target cells. Theoretically, the membrane properties of EVs allow organ- and cell-specific
delivery, immune-evasion, and targeting of distinct intracellular trafficking pathways. Moreover, EVs
could be modified to improve liver-specific targeting through complex chemical methods (e.g., click
chemistry) to alter their surface to favor targeting, or loading them with desired therapeutic agents
using a variety of techniques (e.g., electroporation, saponin-induced pore formation, hypotonic dialysis,
and others) [60]. Larger EVs (e.g., microvesicles) could be more suitable for therapeutic purposes, as
they may allow better drug loading and biodistribution [61]. In spite of these advantages, a number of
challenges related to the manufacturing of EVs (i.e., production, coating, loading, etc.) still need to be
solved before controlled clinical studies can be carried out [62,63].
Regarding the use of EVs as therapeutic agents, most of the available evidence has been generated
using mesenchymal stem cell (MSC)-derived EVs obtained from human umbilical cords or human
embryos that have been tested in numerous preclinical liver disease models (e.g., carbon tetrachloride,
thioacetamide, D-galactosamine/TNF-α-induced lethal hepatic failure, and bile duct ligation) with
promising results [11,53]. Data for NAFLD and ALD are more limited and are reviewed in the
corresponding sections below.
A third, and still nascent, approach related to EV-based therapy is based on the concept that
interfering with EV secretion or uptake may attenuate harmful effects on target cells [11,64]. In
this regard, several pharmacological agents are being explored that have been shown to inhibit EV
trafficking, modify lipid metabolism, or decrease EV secretion. However, the complexity of EV
biogenesis poses significant challenges to the development of specific agents able to selectively block
EV production (see Reference [64] for an in-depth review of this topic).
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4. EVs in NAFLD and ALD
4.1. EVs in NAFLD
A number of studies have demonstrated a role of EVs in both the pathogenesis and progression of
NAFLD [14,15]. Triggering of inflammation and fibrosis development are key for progression from
isolated steatosis (also referred as NAFL or non-NASH fatty liver) to nonalcoholic steatohepatitis
(NASH), which is hallmarked by the presence of hepatocyte ballooning as a reflection of ongoing liver
injury and death [36]. Data from different diet-induced animal models of NASH have shown that EV
concentration increases with disease progression in a time-dependent manner [17,65,66]. This seems to
be a response to the accumulation of toxic lipids and their downstream mediators in the liver, which
increase the capacity of hepatocytes to form and release different types of EVs [37,65–67]. In vitro
treatment of hepatocytes with non-esterified fatty acids evokes the release of EVs containing numerous
molecules including C-X-C motif ligand 10 (CXCL10), sphingosine-1-phosphate (S1P), mitochondrial
DNA (mtDNA), micro-RNAs, ceramides, and tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) (15). These molecules may amplify inflammation through multiple mechanisms such as
macrophage activation and monocyte chemotaxis, as well as inflammasome activation and modulation
of the NF-κB pathway in target cells [67,68]. As mentioned earlier, EVs may be released by different
mechanisms including a caspase-3-dependent mechanism [66] or activation of death receptor 5 (DR5)
in hepatocytes. Hepatocyte-derived EVs are able to induce expression of proinflammatory cytokines
and promote M1 polarization of hepatic macrophages [37,69]. CXCL10-bearing EVs can also serve as
chemotactic stimuli for macrophages, as shown recently [67]. Moreover, EVs released from hepatocytes
can contribute to hepatic recruitment of monocyte-derived macrophages by promoting monocyte
adhesion via integrin β1 (ITGβ1)-dependent mechanisms, as shown in murine NASH [70]. Additional
stimuli can also stimulate EV release from hepatocytes. In this regard, it has been observed that
hypoxia determines that fat-laden hepatocytes release EVs able to signal KCs, evoking proinflammatory
phenotypes in these cells, a phenomenon that may explain the aggravating effect of obstructive sleep
apnea syndrome on NAFLD [71]. Thus, it seems clear that lipotoxic injury of hepatocytes determines
EV release, promoting inflammation through activation and recruitment of macrophages [14], with clear
implications for the triggering of inflammation in NAFLD/NASH [36]. In addition, hepatocyte-derived
EVs may promote HSC activation [47,72] in experimental models of NAFLD/NASH. Interestingly,
both mouse and human HSCs release EVs that target hepatocytes and HSCs themselves [49,50,73].
Collectively, these data implicate EVs as one aspect of the cellular events triggering hepatic fibrogenesis,
a key process in NAFLD progression [74]. In addition to signaling to macrophages and HSCs, EVs
may act on endothelial cells [38,66], promoting vascular inflammation with potential implications for
NAFLD-related atherosclerosis. In this regard, it has been shown that EVs carrying miR-1 as cargo
mediate proinflammatory effects in endothelial cells in mice via downregulation of KLF4 and activation
of the NF-κB pathway [38]. Finally, other organ-derived EVs (e.g., visceral-adipose-tissue-derived
exosomes) can contribute to NAFLD pathogenesis and progression and influence fibrogenic pathways
in both hepatocytes and HSCs [75], underscoring the role of other insulin-sensitive organs in NAFLD.
Studies carried out in mouse models of NASH have shown that total circulating EVs and
particularly hepatocyte-derived EVs are elevated early in the disease process, while other cell-derived
EVs (e.g., macrophage- and neutrophil-derived EVs) appear in the circulation later, likely reflecting
the ongoing inflammatory process [65,76]. Proteomic profiling of circulating EVs in experimental
NAFLD has been demonstrated to allow differentiation between NAFLD vs. control animals [17].
These findings underscore the potential of EVs as minimally invasive biomarkers for NAFLD [77],
which are urgently needed for clinical trials and in clinical settings. Since circulating EVs (mainly
exosomes) are also increased in human NAFLD and have been found by some authors to correlate
with disease histological features [78], EV analysis in serum involving quantitative and qualitative
determinations (including cell surface marker assessment and measurement of different cargoes (e.g.,
proteins, lipids, and microRNAs)) is now a focus of intense research. Several studies have been
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published in this regard, showing that the number of CD14+ and CD16+ EVs is inversely associated
with the severity of NAFLD-related liver fibrosis, while also increasing the diagnostic capability of
the enhanced liver fibrosis score (LFS) in patients with NAFLD (AUC: 0.948 and 0.967 for CD14+ and
CD16+ EVs, respectively, vs. 0.915 for LFS alone) [79]). Other efforts include detection of circulating
EVs containing C16:0 ceramide- and S1P-enriched lipid species, which progressively increase in
the plasma of obese patients with simple steatosis and in NASH patients with early fibrosis [65].
Unfortunately, the diagnostic accuracy of these determinations remains incompletely explored in the
field of NAFLD/NASH, and rigorous validation of this approach is needed [13,77]. Moreover, significant
challenges remain regarding the isolation, reproducibility, and definition of normal controls [13,80].
Therapeutic efforts involving EVs in the field of NAFLD/NASH are nascent. Attempts to halt
inflammation and fibrosis in rodent models of NAFLD/NASH using EVs as therapeutic agents have
been published recently. EVs obtained from amnion-derived MSCs (AMSCs) were used to treat rats
with either NASH or liver fibrosis induced by the hepatic toxicant CCL4. AMSC-EVs were given
intravenously in one or two doses, and amelioration of inflammation and fibrogenesis was observed [81].
More recently, human liver stem cell (HLSC)-derived EVs have been used to treat mice with diet-induced
steatohepatitis [82]. The authors found that EV-HLSC treatment significantly downregulated hepatic
profibrotic and proinflammatory gene expression and ameliorated the histological abnormalities
in mice with NASH. Proteomic analysis of EV-HLSCs showed that their cargo included various
anti-inflammatory proteins such as Interleukin-10, which may have contributed to the observed
beneficial effects. In addition, although yet not explored in the field of NAFLD, the use of MSC-derived
EVs to arrest fibrogenesis [53,83] holds promise to treat this condition, as fibrosis is one of the most
important determinants of survival. These results underscore the concept that EVs can be exploited for
therapy in NAFLD/NASH.
4.2. EVs in ALD
Recent studies have focused on the role of EVs in ALD [11,14,84,85]. Both hepatocyte- and
monocyte-derived EVs have been postulated to regulate macrophage differentiation, thereby promoting
inflammation in alcoholic hepatitis (AH) [24,41,55,72,86]. Several molecules have been proposed to
be responsible for EV-mediated cell-to-cell signaling, including miRNAs (in particular, miR-122 and
miR-155) [41,85,87–92]. Also, the CD40 ligand was proposed as an EV cargo that could promote
macrophage activation in vitro and in vivo in experimental models of AH [85]. Another study
involving a mouse model of ALD using gastric infusion of ethanol, found that circulating EVs released
by hepatocytes contain a microRNA barcode (let7f, miR-29a, and miR-340), which was specific for
alcohol-related liver injury [16].
From a clinical point of view, there is currently no biomarker able to assess the early stages of
ALD. EVs have been shown to correlate with the diagnosis and prognosis of alcoholic hepatitis [93].
Additionally, EVs have been proposed as potential biomarkers to differentiate mild and severe forms
of ALD, and their cargo, such as sphingolipids, could be used to discriminate between different liver
disease etiologies [93]. Early identification of these subjects might lead to timely intervention in the
disease process. At present, the diagnosis of AH relies on a history of alcohol consumption in a
compatible clinical scenario. A study conducted in trauma patients showed that two microRNAs
(miR-122 and let7f) were increased only in the circulating EVs obtained from alcohol drinkers with
evidence of liver injury [94]. This suggest that these microRNAs could serve to detect “at-risk”
populations for ALD. With regard to AH, the most severe form of the disease, at present time there are
no biomarkers which permit the early diagnosis of AH, or screening tests that can anticipate those
at risk for more severe manifestations of AH. Identification of this group of patients is particularly
important since there is no effective therapy for severe AH, and efforts to avoid it could be implemented.
Several clinical prognostic markers have been proposed, but the variables used reflect the severity
of liver disease. These indices (e.g., the Maddrey discriminant function, model for end-stage liver
disease (MELD), and the Lille score) are based on the non-specific biochemical assessment of liver and
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renal function and rely heavily on serum total bilirubin, prothrombin time, and creatinine [95]. The
reliance on bilirubin limits their diagnostic utility, as specificity is confounded by hyperbilirubinemia
in co-existent cholestatic liver diseases such as drug-induced liver disease, or cholestatic hepatitis such
as primary sclerosing cholangitis and primary biliary cholangitis. None of these prognostic scoring
methods utilize a pathophysiologically validated biomarker that reflects the underlying molecular
and signaling mechanisms of the disease. Furthermore, the inflammatory response is predictive of
mortality but is not taken into account in mathematical models. They can identify subjects at highest
mortality risk with an area under the receiver operating curve (AUROC) of under 0.8; ideal survival
models should have an AUROC > 0.8 [96]. The reason these scores are imperfect may be that they
are not based on the pathophysiological mechanisms that mediate liver injury. Liver biopsy, the gold
standard for diagnosis of AH, remains underutilized due to the concurrent coagulopathy, which greatly
increases the risk of biopsy-related complications [97]. Liver-biopsy-based hepatic histology score has
an AUROC of 0.73 in predicting 90 day mortality [96]. In this regard, the use of EVs as biomarker in AH
is promising. Thus, it was recently reported that the total number of EVs was significantly increased
in patients with AH and that two microRNAs (e.g., miRNA-192 and miRNA-30a) were significantly
increased in the plasma of subjects with AH [86]. Additionally, a very recent study showed that
circulating EVs carrying a sphingolipid cargo might be helpful for the diagnosis of AH, and may allow
dynamic risk profiling of these patients. [98]. Most recently, EVs have been used as a surrogate marker
of improvement in clinical trials of patients with AH [99]. Further studies will be required to validate
EVs as a biomarker for AH diagnosis and/or prognosis.
5. Concluding Remarks and Future Perspectives
The field of EVs in fatty liver diseases is rapidly evolving as the important functions of these
particles in cell-to-cell communication and in the pathogenesis of both ALD and NAFLD, the
most prevalent liver diseases worldwide, are unveiled. The release of large quantities of EVs
by stressed/damaged hepatocytes contributes to inflammation, fibrogenesis, and angiogenesis, fueling
liver disease progression and provides opportunities for intervention. The identification of specific
molecular signatures of released EVs is promising in the search for disease-specific biomarkers,
although more data are needed to validate these markers in larger cohorts and in a rigorous manner.
EVs may have potential for therapeutic use, but this field is still nascent. More research is needed for a
successful transition of current EV knowledge from the bench to the clinic.
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